The aim of this study was to investigate the cessation of cultivation act as a sink or source for belowground carbon pools in former paddy fields. We measured soil carbon content and stable carbon isotopic ratio (d 13 C) in three abandoned agricultural fields in Higashi-Hiroshima, Japan. The fields were located within 0.20 km of one another and had been abandoned for 2, 5, or 10 years (2Y, 5Y, 10Y fields). The cessation of cultivation of agricultural fields was dominated by C4 photosynthetic type grass. The return of carbon in grass litters to the soil caused the soil d 13 C to increase after abandoned; thus, the soil d
Introduction
The consequence of the cessation of cultivation of agricultural fields is growing concern in Japan. As farmers reduce the scale of their farming activities or give up farming altogether, less favorable for agricultural lands are abandoned (MAFF, 2006) . This change in land use might also affect the regional carbon cycle.
Information on the carbon sequestration capacity associated with various land uses can improve our understanding of an ecosystem's functioning and its potential response to changes in the climate system. At a regional scale, estimates of soil carbon dynamics can help researchers gauge the efficiency of land management systems for sequestering carbon and mitigating the potential for global climate change (Fallon et al., 1998) . A change in land use can alter the vegetation cover and cause an associated change in belowground carbon stocks (Post and Kwon, 2000; Guo and Gifford, 2002) . Soil carbon dynamics of agricultural field after the cessation of cultivation has been studied mainly in North America (Ihori et al., 1995; Knops and Tilman, 2000; Baer et al., 2002) . Ohta et al. (1996) reported the soil physical properties of abandoned patty terrace fields in Niigata, Japan. However, there is little information on the soil carbon pool in Japanese agricultural lands after abandonment.
The aim of this study was to investigate the cessation of cultivation act as a sink or source for the belowground carbon pools in former paddy fields. We measured soil stable carbon isotopic ratios (d 13 C) and carbon contents in three abandoned agricultural fields in Higashi-Hiroshima, western Japan. We collected and analyzed soil carbon and root biomass, and used the d which serve as a tracer for identifying sources of soil carbon (e.g., Yoneyama et al., 2001; Mo et al., 2004) , and therefore as a means to assess vegetation change from crops to grassland.
Materials and Methods

Study site
The study site comprised three abandoned agricultural fields in Higashi-Hiroshima, Japan (34°18 N, 132°46 E; 270-280 m asl). The average annual daily temperature at the site is 13.8 , and precipitation averages 1485 mm yr -1 in this region (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) ; Japan Meteorological Agency). The soil is classified as a yellow soil. The three abandoned fields are located within 0.20 km of one another and had been abandoned for 2, 5, or 10 years (2Y, 5Y, 10Y fields). These fields had been used for paddy rice (Olyza sativa L. Gramineae; C3 photosynthetic type) cultivation according to conventional methods through more than 40 years. All straw harvested was incorporated in the spring. At the time of the study, the dominant species in the three fields were Digitaria adscendens and Leptochloa chinensis (Poaceae; C4 photosynthetic type), which are widely distributed in Japanese abandoned fields (e.g., Hakoyama et al., 1977; Kitazawa and Ohsawa, 2002) . In this region, numerous artificial ponds were constructed where people could not get enough water from rivers (Padgett et al., 2002) .
Collection of soil and root biomass
In late July 2006, soil and root biomass was sampled at five points in each abandoned field. We sampled at 5-cm intervals to soil and root samples from the soil surface to 15-cm depth using a core sampler. While the soil samples were still field-moist, they were passed through a 2-mm sieve to remove any plant biomass. The sieved soil sample was then oven-dried at 80 to a constant mass. Bulk density was calculated by dividing the oven-dry mass of the 2-mm fraction by the volume of the core segment. Samples were passed through a 2-mm sieve, which removed coarse roots, and fine roots were carefully removed by hand. Root biomass was weighed after oven-drying to a constant mass (80 , 48 h).
Carbon isotope and soil carbon content
The soil carbon isotopic composition ( 
where subscripts "sa" and "st" denote the sample and the standard, respectively. Dried soil samples were ground into a fine powder with a Multi-Beads Shocker (PAT, Yasui Kikai, Osaka, Japan). The total soil carbon concentration and d
13
C of the samples were determined with an organic elemental analyzer (Flash EA 1112, Finnigan Mat, Bremen, Germany) and an isotope ratio mass spectrometer (Delta Plus, Finnigan Mat), respectively. The precision of the carbon isotope measurements was estimated to be within 0.13 Soil carbon content was estimated by multiplying the carbon concentration by the bulk density.
Statistical analyses
Statistical analyses were conducted with R statistical software for analysis of variance (R version 2.4.1, R Foundation for Statistical Computing, Vienna, Austria).
The separation of means was tested by using Tukey's honestly significant difference with significance levels set at P 0.05.
Results
Soil carbon
There is not significantly difference in soil bulk density among the three fields in the upper 15 cm (Table 1 ). The soil carbon content in the upper 15 cm (Fig. 1) was highest in the 2Y field (2.1 kg m 2 ). The soil carbon content was significantly different between the 2Y and 10Y fields.
Root biomass
The root biomass was significantly different among the three fields (Fig. 2) . It was significantly larger in the 10Y field (1239 g m 2 ) than in the 2Y (145 g m 2 ) or 5Y (677 g m 2 ) fields, and it apparently increased with increasing time since field abandonment.
Soil d
C
The soil d 13 C value ranged from -24.6‰ to -21.2‰ at the sampling points (Fig. 3) . It was lowest in the 2Y field (-24.2‰) and highest in the 10Y field (-22.1‰). Moreover, it was significantly different between the 2Y field and the other two fields, and it tended to increase with increasing time since field abandonment.
Discussion
The soil d 13 C value clearly reflected the marked change in land use that occurred after the abandonment of agricultural management of the fields. Soil d
13
C was lowest in the 2Y field (-24.2‰; Fig. 3) , where cultivation had ceased only 2 years previously. Thus, the value was relatively influenced by the d , and the root biomass of these species apparently increased with increasing time since field abandonment (Fig.  2) . These results suggest that the return of carbon in plant litters to the soil leads to higher soil d 13 C values in fields that have been abandoned longer. The reason for the annual variation of aboveground biomass contribution is not apparent, the carbon balance is not clear at this study.
Before these fields were abandoned, long-term paddy rice cultivation might have supplied more organic matter or have caused the carbon loss to be less. Soil carbon dynamics in paddy soils is very different from that in upland soils because paddy soils are water-logged during the rice growing period. This anaerobic condition caused by water-logging leads to a delay in soil carbon decomposition and results in a higher soil carbon content level in paddy soils than in upland soils (Mitsuchi, 1974) . Some researcher reported that irrigation has induced an enrichment of soil carbon storage in paddy field in China (Cai, 1996; Pan, et al., 2004) . Shirato (2005) reported that water-logged during the rice cropping period play an important role in soil carbon dynamics from model simulation in Japanese paddy soils. The soil carbon content and d
C in the 2Y field were significantly higher than those in the 5Y and 10Y fields (Figs. 1 and 3) , suggesting that, if the aim is to increase soil carbon storage, then allowing paddy fields to lie abandoned is an undesirable land use practice. However, the larger root biomass in the fields abandoned for longer (Fig. 2) indicates a high potential for carbon input into the soil.
Our data do not provide complete information about soil changes because we did not obtain soil d 13 C or carbon content before or at the time of field abandonment. Therefore, we cannot determine the rate of carbon increase or decrease over time since the field abandonment. This study is a case in the land use change from paddy to upland grass. The pattern of soil carbon is not apparent in constant humid former paddy or former upland fields. A longer experiment is needed to understand fully the carbon budget affected by succession in former agricultural fields. 
